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INTRODUCTION
The energy services stipulation of a country disclose its importance as decency of course of action necessary for economic prosperity, lessening the poverty and depolarizing the social asymmetry [Barnes et.al. (2011); Samad (2010) ]. The accomplishment of basic needs of energy services that include excess to electricity, commercial use of energy for production process as well as usage of electricity in the residential areas and modern use of energy sources for cooking purposes portraits a image of high-quality living standard of individuals and offer a way forward 1 Ghulam Murtaza < GM.QAUI@gmail.com > PhD at Pakistan Institute of Development Economics (PIDE), Islamabad, Pakistan. the estimation of VAR system through seemingly unrelated regression (SUR) using modified Wald test for the causality analysis.
After a brief introduction in the first section, trends and size of energy services for Pakistan and its comparison with the rest of the economies and regions in drafted under section 2. Section 3 is about the energy development index (EDI) and its construction. Review of Literature is presented in section 4. Data and methodology is provided in section 5 while the empirical results and discussion are presented in section 6. And at the end, section 7 is consisting on conclusions and policy recommendations.
ENERGY POVERTY SCENARIO IN PAKISTAN
Per capita commercial energy consumption is thought-out well gauge for energy development which gears up economic growth and eliminates poverty. The present per capita energy use for Pakistan is near to the ground. The per capita energy use is 481.61 Kg tones of oil equivalent (Kg of Toe) for Pakistan while the average per capita energy use of South Asia is 555 kg Toe, OECD members countries has a average of 4176 kg Toe, Sub-Saharan Africa region has 681 Kg Toe and World average per capita energy consumption is 1890 kg Toe, the estimates of (WDI, 2011) reveal. This picture depicts the situation of energy poverty in Pakistan regarding use of energy as within the region, Pakistan energy consumption is about 15 % below than average energy consumption of South Asia while 21 % less than that of India and even less than Sri Lanka equal to 5 % nearly. With respect to world energy consumption, Pakistan use 75 % less energy and in comparison to OECD countries its value is 88 %. The figure 2.1 demonstrates the situation of energy use for Pakistan as compared to different countries of the world.
The access to electricity to people is considered first-rated indicator for excess to modern energy in providing electricity to its population. Similarly, Pakistan is also 18 percent below than middle income countries and almost 10 percent below than the world average in percentage of providing excess to electricity. Figure 3 .3 presents substantial dependence of developing countries on biomass for cooking purposes. 2588 million people (38 % of world population), over 1.8 billion people, equal to half of developing Asia population and about 700 million people-80% of the sub-Saharan Africa, who are using traditional biomass sources for cooking purposes and deprived from clean cooking facilities. 64 % of population (111 million people) of Pakistan is using traditional biomass for cooking purposes. While in China, India, Indonesia, Philippines, Vietnam and rest of developing Asia 29%, 66%, 55%, 50%, 56% and 54% of population is not availing clean cooking facilities respectively. Comparative exploration of modern fuel sources available for cooking purposes shows the incidence of energy poverty in Pakistan. Biomass dependence, in Pakistan, is almost double than that of china and world average, almost equal to India and Africa region, 10% more than Vietnam and developing Asia average, 60% more than Middle East, 15% more then Philippines and developing countries. So, large dependence on biomass consumption for cooking purposes designates Pakistan a poor country who is failing in providing health and safe cooking facilities. 3. LITERATURE REVIEW The leading intention of the paper is to present a comprehensive review of prior work to confer a deep insight about the issue of energy poverty and its integrating factors. The empirical studies on the issue of energy poverty for the developing countries are not in surfeit. However, study makes a healthy endeavor to present literature on prior work done until now as following.
The significance of the role of energy especially electricity as a mean of economic development is date back at least to 1950s. Supply of electricity causes to stimulate human productivity and welfare that ultimately improve economic status of population. It is considered that poverty elimination, efficiency of productivity, health and pollution reduction, education and gender are the fruits comes from provision of modern energy [United Nations (1954) ].
After gaining the importance from a number of overseas development agencies (World Bank, 1985; WIN, 2005; UNDP, 2007 UNDP, , 2012 ADB, 2010a, b) , the energy related issues have, now, become the central focus for economic development and social well being of individuals. The UN General Assembly has announced the years 2014-2024, to be -the decade of sustainable energy for all‖ (United Nations, 2014) .
Recent literature and UNDP reports has re-conceptualized the poverty across-the-board that withdraw it from traditional perception in which poor were jammed with the notion of earning less than 2 dollar a day (Sovacool, 2012) . A number of factors have, now, encompassed in the definition of poverty that include life expectancy, literacy, caloric intake, housing quality and excess to energy (UNDP, 2010) . This inaugurated the intuition of non-income dimensions of poverty such as lack of excess to electricity and reliance on the traditional biomass fuel for cooking (Jones et al, 2010; International Energy Agency, 2010) .
The health impacts of biomass combustion form cooking are observed in a number of studies.
The pragmatic studies of (Pokhreletal., (2005 (Pokhreletal., ( , 2013 ; Shrestha and Shrestha (2005) Malla et al. (2011) come to a conclusion that emission of pollution from biomass are harmful for individuals health significantly, especially for women and children health which reduces life expectancy, thus, diminish productivity and efficiency.
Besides this, searching for biomass fuel is a time taking activity that restricts women and children from any other productive activity [(Saghir (2005) ; Barnes and Toman (2006) ].
The causality evidences of income inequality and energy poverty are well examined in the studies of (Hussain, 2011) ; (Sovacool, 2012) ; Larson and Kartha, 2000) ; (Masud et al., 2007) .
Studies narrate that income poor pay eight times more than the other group of income for the same unit of energy they use. It is estimated that on average 20-30 percent income is spent on the energy services by the poor households directly while additional 20-40 percent income is paid out indirectly in term of time and health injury related with collection and use of raw energy material respectively. On the other hand, in contrast, making use of modern energy services in running heavy machinery, illumination of shops and factories, refrigeration of products for preservation and development of the mechanization process raise employment opportunity and provide incentive to poor by decreasing inequality and increasing their income level.
Savacool (2012) pointed out a significant relationship between energy poverty and economic well being of people in the developing countries. Income poverty and energy deprivation move together, where a significant proportion is income is allocated for the energy services. Similarly, in case of Nepal, the introduction of renewable energy technologies is the centre focus of government policies that activate the balanced growth and help to eradicate poverty [Malla (2013) ]. The studies of (Roddis, 2000; Cabraal and Barnes, 2006; World Bank, 2002 ) also drawn the same conclusion of bi-directional causality between energy development and poverty.
Above narratives make us available a termination that energy services must be the essential meeting point of any economic agenda and planning for social development. This leads us to put up an augmented system that will connect poverty, growth and inequality with the new noincome dimensions of poverty that is energy poverty. A plausible causality linkage among these variable may leave new foresights for economic planners.
THE ENERGY DEVELOPMENT INDEX (EDI)
Ecological scientists and social welfare organizer always put forth the need of understanding energy poverty to mitigate it [Pachauri and Spreng (2011) ]. It requires apparatus and structure in which it could be measured, monitored, recorded and reported. A number of scientists, over last 20 years, are involved in the energy and development issues to understand the concept of energy poverty (Bravo et al., 1979; Bazilian et al., 2010 ; Saghir, 2004; Krugmann and Goldemberg, Pachauri and Spreng, 2004; 1983; Goldemberg, 1990; Pachauri and Spreng, 2011; Foster et al., 2000) ]. The present study construct Energy Development Index (EDI) 
Excess to Electricity
People from total population availing the facility of electricity which is an indicator for social asymmetry, reliance and ease of life.
Rate of electrification Percentage per capita electricity in residential sector
It is per capita consumption of electricity in the residential sector that express the ability of the consumer for the payment of electricity services and basic reliability.
Per capita electricity consumption in residential sector
Tonnes of oil equivalent (Toe)
Share of modern energy fuel in total residential energy use
The excess of modern energy services for cooking purposes out of total energy services provided to household instead of traditional biomass burning for cooking. It includes the use of oil, gas and electricity. 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 Energy Development Index (Percentage)
DATA AND METHODOLOGY
The study intends to find out the causality linkages among energy poverty, economic growth, income inequality and income poverty in case of Pakistan. A number of studies have presented a system that provides the scheme in which the poverty, growth and inequality are well studied.
The present study augments this system by incorporating the new dimension of poverty that is energy poverty. Thus, the study estimates the dynamic Granger non-causality relationship between poverty, growth, income inequality and energy poverty by employing multivariate Tota and Yomamto (1995), TY-modeling.
Data
The 
Time Series Properties of Data
Before proceeding to multivariate TY-procedure, it requires the time series properties of data to be scrutinized for obtaining the maximum order of integration of series. The study uses For an exogenous shock to a time series that already has a deterministic trend (T), the underrejection of the hypothesis is inevitable that may not supply robust results (Philip and Perron, 1988) . So, permitting for dependence and heterogeneity in the error term, following specification presents the non-parametric adjustment to ADF test statistic;
Where, S i,t is the corresponding time series (i.e., GDPPC, POV, INEQ, EDI), is the time trend, c stands for sample size and ἐ i,t is white noise error.
Econometrics Methodology
Existing Literature presents a variety of methodologies available for causality inferences depending on the characteristics of time series data. Granger non-causality, Johnson and Juselius (1990) ECM causality, ARDL modeling causality suggested by Pesaran and Shin (1998), TYmultivariate model causality and DP nonparametric causality proposed by Diks and Panchenko (2006) are considered the standard causality tests available.
This paper follows Toda and Yomamota (1995) to employ TY-multivariate modeling because of a number of advantages over other methodologies. Unlike Johnson ECM causality which necessitates same order of integration of all time series, TY-Procedure is feasible even when the order of integration of time series is mixed. Thus TY-Procedure is free from pre-testing of cointegration of the series. Likewise, in ECM Granger causality, use of standard Wald F-Stat for coefficient restrictions on parameter after estimating VAR system from OLS, confers nonstandard asymptotic distribution of Wald F-stat that may involve nuisance parameters if one or more series contain a unit root [Toda and Phillips (1993) ; Sims(1990) 
After the augmented VAR system is constructed, it is estimated from seemingly unrelated regression (SUR). Standard MWALD is used for the parameter restrictions on VAR(k) from VAR(k+d max ) to get the value of chi-square statistic that is asymptotically chi-square distributed [Zapata and Rambaldi (1997) ].
To demonstrate how MWALD works, we consider equation (4) (5), (6) and (7).
The Innovation Accounting System
This system demonstrates how a variable retorts from a shock that comes across in other variables within the system and whether this shock dies or continues over the time. 
RESULTS AND DISCUSSIONS
The empirical evidences of Granger non-causality among poverty, growth, inequality and energy poverty call for a dynamic system as designed in TY-modeling. This representation persists a augmented VAR(k+d 
Stationarity of Data and lag length Selection
For any time series analysis, the identification of the unit root in the time series is important.
Study used ADF and PP tests for scrutinizing the order of integration of series. Results are reported in table 6.1. Maximum order of integration of concerned variables is (d max =1) which fulfill the requirement of TY-Procedure for Granger non-causality inference. Source: Authors' calculations, * max lag length for ADF test is 9 where optimal lag length is chosen on the basis Schwarz info criterion. For PP test, Bandwidth is opted on the basis of Newey-West using Bartlett kernel. Critical values for different level of significance are cited from MacKinnon (1996) . *,**, *** represents 1%, 5% and 10% level of significance respectively.
Next is to find out the maximum lag length (k) of the time series variables for the estimation of augmented VAR(k+d max ). Different criterions are available for lag length selection consisting on Akaike information criteria, likelihood ratio, Hannan-Quinn, final prediction error and Schwarz information criterion (SIC). Taking small sample size into account, we supply [1 3] interval for unrestricted VAR output and same for finding maximum lag length (k). Results are reported in table 6.2 which shows that consistent maximum lag length is (k=2). Now, the diagnostic tests are carried out reported in Table 6 .3 for the estimated VAR of order 3.
Results indicate that the VAR system is free from any biasness of regression results. The test of stability of VAR (3) shows that roots does not lie outside the unit root circle as confirmed in figure 6.1. In the same way, we have also applied the diagnostic tests on each endogenous equation of VAR system before proceeding to Granger non-Causality tests. Results are presented in Table 6 .4 which indicates that each equation passes the diagnostic test.
Diagnostic Tests of Estimated Endogenous Equations
Equations 
Granger Causality Results
The results of Granger non-causality are reported in Table 6 .5. Results provide interesting causality relationship between energy poverty, growth and income poverty and income polarization for Pakistan and exemplify worthy integration of variables within the dynamic system to locate the net collision. We are noteworthy interested in the direction of causality among economic growth, energy poverty and income poverty besides a number of other results.
The results show bi-directional long run causality between economic growth and energy poverty; running from energy poverty to economic growth and vise verse. It explores the fact that excess to modern energy services are highly significant for the economic prosperity of Pakistan as energy is considered the main driver of any economic activity that wheel up the production process many fold. Similar results are observed for industrialized, less developed as well as for developing countries like Nigeria, India, Pakistan and Bangladesh [ (Paul and Bhattacharya (2004) ; (Worrell et. al, 2001 ); Mozumder and Marathe (2007) ; Ojinnaka (1998); Shahbaz and Feridun (2011); Javid et. al, (2013); Faridi and Murtaza (2013) ]. On the other hand, results reveal that economic well being may ultimately leads to greater resources to be had to meet the energy demand challenges and to endow the easiness of life regarding clean cooking facilities and making more use of modern home appliances. Likewise, uni-directional causality among energy poverty, income poverty and income inequality; running from income poverty, and income polarization to energy poverty indicates that low income households, in Pakistan, are not able to afford and excess the modern energy services as essentially they have to devote a large share of their income for energy services payments as their there exist a huge income inequality. The causality linkages also explain that growth is not pro poor in Pakistan as an increase in national income is not translated into lives of the poor because growth is not reducing the size of income distribution imbalances. Consequently, retaining people income poor makes people energy poor depriving them from clean cooking fuel and other modern energy services.
After the investigation of causality between energy poverty, growth, income poverty and inequality, we also estimated the generalized impulse response function to find the response of a shock of a variable to other variable within the dynamic VAR system. In order to find the standard errors, Monte Carlo Simulation is used with 5000 replications. The results shown in Figure 6 .1 verified that the long run causality that the shock impacts are persistent for a longer period of time. The impact of income poverty on energy poverty involves a two year lags after that it gets persistent. Yet response of energy poverty to inequality is for shorter period of time and dies out after 5 to 6 years Res pons e of EDI to EDI Response of EDI to GDPPC Response of GDPPC to POV Response of POV to POV Response to Generalized One S.D. Innov ations ± 2 S.E.
CONCLUSIONS
The present study probes the dynamic Granger Causality among energy poverty, growth, income poverty and income polarization for Pakistan using the data ranges from 1973 to 2012. The analysis adopts the advanced TY-modeling in a multivariate framework that overcomes the problem of variables omission biasness. The extract of the study goes over the main points that a significant bi-variant causality linkages between growth and energy poverty; uni-variant causality that runs from income poverty to energy poverty and from income polarization to energy poverty is observed. This furnishes a clear message for the economic planner that for any social and economic policy, energy services stipulation of Pakistan must be considered indispensably. There is urgent need of pro poor growth policies that could depolarize the income distribution and mitigate the income poverty so that the fruits of growth can be transferred to poor and the excess to modern energy services may become possible to them. That's why, high commercial energy consumption, modern cooking fuel availability that saves time and protects health of households, excess to electricity especially in rural areas are the limbs of new social and economic development policies that must Pakistan should follow. 
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